Background: Published experience of treating chronic hepatitis D patients with pegylated interferon (PEG-IFN) alpha is limited. The aim of this study was to determine the efficacy of 48 weeks treatment with PEG-IFN in naïve patients outside the clinical trial setting in the real world. Methods: Patients with chronic hepatitis D were treated with PEG-IFN. The primary end points were sustained clearance of HDV RNA and normal alanine aminotransferase (ALT) at 24 weeks post-treatment. Results: Patients treated with PEG-IFN were 104; male 91, mean age 30.1 ± 10.0 years (range 15-55). Cirrhosis was present in 41 patients. With an intention to treat analysis, end of treatment virological response (ETR) was achieved in 44 (42.3%), normalization of ALT in 38 (35%) and a combined response in 23 (22.1%) patients. Sustained virological response (SVR) at 24 weeks post-treatment was seen in 24 (23.1%) patients each for the virological and biochemical responses and in 13 (12.5%) as combined response. Both ETR and SVR were associated with a negative HDV RNA at 24 weeks of treatment (p= 0.001 and 0.000). Detectable HDV RNA at this point had a positive predictive value of 0.95 (0.85-0.99) for a detectable RNA at six months post treatment. End of treatment biological response i.e. normal ALT at the end of treatment was also a predictor of ETR and SVR (p = 0.004 and 0.041).
INTRODUCTION
HDV is a defective RNA agent needing the presence of HBV for its own replication [1] . Persistent HDV replication leads to cirrhosis and hepatocellular carcinoma at annual rates of 4% and 2.8% respectively [2] . This figure underscores the need to treat this infection. Unfortunately, there is no effective antiviral therapy available for the treatment of hepatitis D. The only established therapy for chronic delta hepatitis is interferon alpha, standard or pegylated, which has to be administered for at least 48 weeks [3] .
A recent Cochrane review showed that therapy with standard interferons may result in an end of treatment virological and biochemical response in one third of patients but sustained virological response, judged by loss of HDV RNA from serum at six months, was seen in only 17 .4% of patients. Histological improvement was seen in one-quarter of the patients [4] .
The experience of using pegylated interferon (PEG-IFN) alpha in delta hepatitis is limited to a few studies. The treatment led to sustained elimination of HDV RNA in only about 20-25% of patients [1, 3] . Its efficacy in a real world scenario is not known. The aim of this study was to determine the efficacy and safety of PEG-IFN given for 48 weeks for the treatment naïve patients with chronic hepatitis D in real-world clinical setting.
MATERIALS AND METHODS

Participants:
All the patients with chronic hepatitis D who were treated with PEG-IFN alpha from 2009 to 2011 were considered for inclusion in this retrospective analysis. The patients hailed from three centers that were following the same algorithm to treat hepatitis D. The liver biopsy and PCR studies were done in a single center. Inclusion criteria were the patients of age between 18-60 years with chronic hepatitis D and compensated liver disease, HBsAg reactive and anti-HDV antibody positive for at least 6 months, presence of HDV RNA in blood by PCR, alanine aminotransferase (ALT) levels more than the upper limit of normal (ULN), hemoglobin  10.0 gram/dl, white blood cell count of  2.5 x 10 9 /L, neutrophils  1.5 [5] . All the patients were managed by the usual standards of care. Local ethics committees did not find any objection in publication of the data.
Treatment:
All patients eligible for antiviral therapy were treated with PEG-IFN alpha 2a (Pegasys®, F.
Hoffmann-La Roche Ltd, Basel) 180 g subcutaneously per week or PEG-IFN alpha 2b (Peg-Intron®, Schering Plough Corp., Kenilworth, NJ) 1.5 g/kg subcutaneous weekly in a weightbased dosing regimen. Patients were educated regarding administration of pegylated interferon, expected adverse events, schedule for laboratory monitoring, and clinic appointment.
Outcomes:
Primary end points were undetectable HDV-RNA levels (virological response) and normal ALT (biochemical response) at the end of 24 weeks of post treatment follow-up. Secondary end points were the normalization of ALT and HDV RNA-negativity at the end of treatment.
Viral nucleic acids testing:
Viral nucleic acids were isolated from patients' serum samples by High Pure Viral Ncleic Acid Kit, according to the manufacturer's instructions (Roche Diagnostics, USA). HBV DNA PCR qualitative analysis was performed by the Cobas Amplicor HBV Monitor (Roche Diagnostic Systems, Basel, Switzerland) with a lower detection limit of 500 copies/ml. For HDV RNA, qualitative test was based on the reverse transcription PCR of the target gene. Quantification of HDV RNA was done by real time PCR having a lower limit of detection of 500 IU/ml.
On-treatment evaluation:
Patients were evaluated as outpatients for safety, tolerance and efficacy every 4 weeks during treatment until week 48 and then at 72 weeks during the follow-up period. At each visit complete blood count and biochemistry was assessed. HDV RNA was checked at screening, 24 weeks, end of treatment (48 weeks) and end of follow-up (24 weeks post treatment). Serum HBV DNA was tested at screening, week 48, and end of follow-up.
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Adverse events:
Serious adverse events were defined as those that were fatal, life-threatening, required inpatient hospitalization or discontinuation of treatment. Non-serious adverse events and laboratory abnormalities leading to dose modifications and premature withdrawal from therapy were noted.
Statistical Analysis:
Intent-to-treat (ITT) efficacy analysis was conducted on all those subjects who were started on treatment (n=104 
RESULTS
A total of 104 patients were treated and followed up between January 2009 and December 2011. The side effects reported by these patients were usually of PEG-IFN and included nausea, weakness, fever, bloating, decreased appetite, body aches, headaches, weight loss.
These side effects did not require a dose reduction. Significant thrombocytopenia was seen in 6 patients, which required interruption of therapy for 2 weeks in 2 cases, and dose reduction in the rest for 3-4 weeks. One patient received interleukin-11 as well, to increase the platelet count. One patient developed significant neutropenia and was given filgrastim. Four patients decompensated; showed a sustained virological response 6 months after the end of treatment in 17 to 43% of the treated patients [6] [7] [8] . The results of HIDIT-1 trial showed that treatment with PEG-IFN alpha-2a
for 48 weeks, with or without adefovir, resulted in sustained HDV RNA clearance in about one quarter of patients with HDV infection [9] . All these trials were done in a controlled setting. We have gathered here the response in the real world scenario while treating these patients in clinics.
Our experience is not much different from the published clinical trials.
The incidence of HDV infection in the West is decreasing but the infection is still very much prevalent in our country [10] . Though the prevalence of HBsAg positivity is 2.5%, there are certain districts with much higher prevalence. This "hepatitis belt" also has the highest prevalence of HDV super infection and represents a serious public health problem [11, 12] . So we were able to get enough patients to offer treatment and compile this data.
It has been documented previously that despite low rates of eradication of the virus, standard interferon may favorably affect the natural history of the disease in the long run [13] . We witnessed normalization of ALT in a significant number of patients treated with pegylated interferon even without virological response (Fig. 1) . The ultimate goal of treatment should be the eradication of HBsAg which is difficult to achieve as none of our patients became HBsAg negative.
We followed up our patients only for 24 weeks post treatment and found a sustained response of 23%. From our experience of treating hepatitis C with interferon, the possible factors that may influence the outcome of treatment in case of hepatitis D could also be genotype and viral load, rapid virological response, stage of fibrosis, duration of disease, previous treatment, duration of therapy, compliance and IL28B polymorphism. The genotype of HBV and baseline HBsAg level might also be the possible predictors. Apparently, hepatitis D behaves in a different way from hepatitis C. We tried to find out factors leading to sustained virological response in our patients. The genotype of hepatitis D is 1 [14] and of hepatitis B virus is D [15] in our province so these factors could not confound our results. Role of HBsAg titer in predicting response has not been established [9] . Presence of absence of cirrhosis, degree of inflammation, and stage of Publication: Antiviral Therapy; Type: Original article DOI: 10.3851/IMP2728 fibrosis did not influence the outcome in our study. Kabaçam G et al also found that response rate to pegylated interferon is same in patients with or without advanced liver disease [16] . Studies have shown that measuring HDV RNA at 24 weeks of therapy and documenting 2-3 log reduction may be of help in predicting response [6] [7] [8] 17 ]. As we did not have the baseline viral load available in all patients we relied on qualitative PCR which was done in all cases at 24 weeks.
Negative HDV RNA was a strong predictor of sustained virological response in our study (risk ratio7.75 (1.98-47.16) If the HDV RNA was detectable at 24 weeks, positive predictive value (PPV) for a detectable RNA at 6 months post treatment was 0.95 (0.85-0.99) and a negative predictive value of 0.36 (0.29-0.39). This means that patients who still harbor HDN RNA in their blood at 24 weeks of treatment are less likely to have SVR, and at the same time negative PCR at 24 weeks does not guarantee an SVR.
The strength of the study is that it included a reasonable number of patients and the sample size is much larger than many previous studies. This study tells us the response rate and compliance in the real world scenario which was not worse than the controlled settings. The shortcomings of this study were that all the baseline parameters done in controlled trials could not be done in all patients including quantitative PCR, genotype, and pre-treatment biopsies. The patients were followed up for only 24 weeks after treatment and long term follow-up were not available to predict sustained response later on.
In conclusion, treatment with pegylated interferon for hepatitis D is of limited efficacy. It is difficult to expect who would respond to the treatment. A detectable HDV RNA at 24 weeks of treatment is a good predictor for a failed sustained virological response.
